Using plasmids containing sequences complementary to the genes that code for oligo-2',5'-adenylate synthetase, actin and H4 histone, we have shown that although interferon does not affect the accumulation of RNA transcripts of the actin and H4 histone genes, it activates the accumulation of RNA transcripts of the oligo-2',5'-adenylate synthetase gene. However, interferon inhibits the accumulation of RNA transcripts of simian virus 40 (SV40) genes in SV40-infected cells.
The inhibitory effect of interferon on both virus multiplication and cell growth is now known to be a result of the action of a few proteins induced in cells that are treated with interferon or interferon inducers (Lengyel, 1981) . Several of these proteins are well characterized and their mode of action has been discovered. One such protein is a protein kinase that phosphorylates two polypeptides of Mr 67K and 38K; the smaller of these is the ~ subunit of the eukaryotic initiation factor elF-2 which, when phosphorylated, inhibits protein synthesis (Roberts et al., 1976; Zilberstein et al., 1978) . A second protein is a phosphodiesterase that removes the sequence CCA from the 3' end of tRNA molecules, resulting in the inhibition of polypeptide elongation (Schmidt et al., 1979) . Another interferon-induced protein is a synthetase that catalyses the synthesis of an oligonucleotide, pppA(2'p5'A)n, which activates a latent endoribonuclease (Stark et al., 1979) . The activated nuclease hydrolyses mRNA and therefore protein synthesis is inhibited in interferon-treated cells (Kerr & Brown, 1978; Slattery et al., 1979) . Oligo-2',5'-adenylate synthetase (2-5AS) has been fully characterized and its gene has been cloned (Benech et al., 1985; Merlin et al., 1983) . It is therefore now possible to use a plasmid with sequences from the 2-5AS gene to study directly the levels of its expression in control, virus-infected or interferon-treated cells. Plasmids containing sequences complementary to other genes that specify proteins known to be affected by interferon are also available (Fyrberg et al., 1980) ; two such plasmids containing sequences complementary to the actin and H4 histone genes and total simian virus 40 (SV40) DNA were used in a comparative study of the effect of interferon on specific genes. The appearance of SV40 proteins in virus-infected cells is known to be reduced considerably by interferon (Daher & Samuel, 1982; Mozes & Defendi, 1979) whereas production of actin and H4 histone are affected by interferon to a lesser extent (Revel et al., 1980) . Vero cells were retained as monolayers in Dulbecco's modified minimal essential medium supplemented with 100 units of penicillin/ml, 100 lag of streptomycin/ml and 10 ~o foetal bovine serum. Interferon ct, from Namalwa cells supplied by Dr K. H. Fantes (Wellcome Research Laboratories, Beckenham, U.K.), was added to cell monolayers [100 international units (IU)/ml in 10 cm diameter Petri dishes] and incubated for the times shown in the legend of Fig.  1 . Some of the cell cultures were infected with SV40 (10 to 20 p.f.u./cell) and one did not receive any treatment and was used as a control. Total RNA from all the monolayers was then extracted using a phenol--chloroform-isoamyl alcohol method (Khandjian, 1986) . The RNA was electrophoresed in 1 ~o agarose gels under denaturing conditions (formaldehyde-formamide as denaturation agents) (Khandjian, 1986) . The fractionated RNA from two equivalent gels was 0000-8533 © 1989 SGM transferred to two nylon GS membranes (GeneScreen, New England Nuclear) by electrophoresis using a Trans-Blot apparatus (Khandjian, 1986) . Transfer of the R N A to the GS membranes was followed by u.v. irradiation for 2 min with a Philips T U V 15 tube at a distance of 15 cm. The membranes were then stained with 0.04~ (w/v) methylene blue in 0-5 M-CH3COONa pH 5-2 for 15 min and destained in water-ethanol (3 : 1 v/v). In Fig. 1 the total fractionated R N A from monolayers of Vero cells that were incubated with interferon-~ for different periods of time is shown. One of the GS membranes was hybridized with 3zp-labelled plasmid (2.5 × 107 c.p.m.) containing sequences complementary to actin (Fig.  2) . A similar degree of hybridization was seen in all lanes. Similar results were obtained when a plasmid with sequences complementary to the H4 histone gene was used.
This means that the steady state levels of actin and H4 histone R N A are not affected by interferon treatment or virus infection of the cells and therefore the reduced levels of these two proteins found in interferon-treated cells (Revel et al., 1980) , must be due to a posttranscriptional event.
The same GS membrane was washed to remove the labelled sequences that were bound to it (Khandjian, 1986) and was then hybridized with 1.5 × 10 v c.p.m, of another in vitro labelled plasmid D N A containing sequences complementary to 2-5AS. Fig. 3 shows the extent of hybridization of this plasmid to R N A from Vero cells that received the treatments described in Fig. 1 . It is apparent that in control cells the 2-5AS gene is not expressed and that maximum accumulation of R N A transcripts of the 2-5AS gene occurs after treatment with interferon for 12 h. Incubation of cells with interferon for longer periods has less effect on the accumulation of 2-5AS R N A transcripts; maximum accumulation of 2-5AS transcripts is restored in longer incubations with interferon, only if the interferon is renewed in the medium after the first 12 h of treatment (Fig. 3, lane 9) . It is also concluded that SV40 does not act in any way as an inducer of the 2-5AS gene.
Vero cells infected with SV40 express the T antigen at 24 h post-infection as shown by indirect immunofluorescence in Fig. 4(a) . If cells are treated with interferon for 24 h before infection they synthesize T antigen at reduced levels (Fig. 4b) . The cause of this inhibition was investigated in the following experiment. The second GS membrane was hybridized with 2-5 x 107 c.p.m, of SV40 D N A (early and late regions). Fig. 5 shows that interferon inhibited the accumulation of RNA transcripts of the viral genes in cultures that had been treated with interferon for 24 h before infection with the virus; renewal of interferon in the medium in the middle of this period maximized its effect. These results use a direct approach to confirm previously reported data which showed that in cells that are treated with interferon before infection with SV40, the inhibitory effect of interferon on viral protein synthesis is exerted at the transcriptional level (Metz et al., 1976; Mozes & Defendi, 1979; Yamamoto et al., 1975) . The use of plasmids containing sequences from genes whose expression was known to be affected in various ways by interferon has led to the establishment of the precise point at which interferon functions in these cases. By measuring the levels of 2-5AS-specific m R N A molecules in virus-infected or control cells it has been possible to show directly that interferon enhances the accumulation of RNA transcripts of the 2-5AS gene.
